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ABSTRACT 

Traditionally, the distance to NGC 4038/39 has been derived from the systemic recession velocity, yielding 
about 20 Mpc for Hq = 72 km s"' Mpc"'. Recently, this widely adopted distance has been challenged based 
on photometry of the presumed tip of the red giant branch (TRGB), which seems to yield a shorter distance of 
13.3 ± LO Mpc and, with it, nearly 1 mag lower luminosities and smaller radii for objects in this prototypical 
merger Here we present a new distance estimate based on observations of the Type la supernova (SN) 2007 sr in 
the southern tail, made at Las Campanas Observatory as part of the Carnegie Supernova Project. The resulting 
distance of DsNia = 22.3 ± 2.8 Mpc [(m-M)o = 31 .74 ± 0.27 mag] is in good agreement with a refined distance 
estimate based on the recession velocity and the large-scale flow model developed by Tonry and collaborators, 
Dflow = 22.5 ±2.8 Mpc. We point out three serious problems that a short distance of 13.3 Mpc would entail, and 
trace the claimed short distance to a likely misidentification of the TRGB. Reanalyzing Hubble Space Telescope 
(HST) data in the Archive with an improved method, we find a TRGB fainter by 0.9 mag and derive from it 
a preliminary new TRGB distance of Dtrgb = 20.0 ± 1.6 Mpc. Finally, assessing our three distance estimates 
we recommend using a conservative, rounded value of D = 22 ± 3 Mpc as the best currently available distance 
to The Antennae. 

Subject headings: galaxies: distances and redshifts — galaxies: individual (NGC 4038, NGC 4039) — galax- 
ies: interactions — supernovae: individual (SN 2007sr) 
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1. INTRODUCTION 

The Antennae (NGC 4038/39) are the nearest example of 
a major merger involving two gas-rich disk galaxies of com- 
parable mass. They allow us to study processes of dissipa- 
tional galaxy assembly from close up, thus providing a valu- 
able glimpse of what must have been more frequent events in 
the early universe. The Antennae have been observed exten- 
sivel y at all wavelengths (e.g., X- ravs: iFabbiano et al.ll2004l: 



UV: 'Hibbard et al."2005'; optical: IWhitmore et al."1999^, IR: 
[Gilbert & Graham 2007; and 21-cm line: Hibbai'd et al. 2001) 
and have also been repeatedly modeled via N-body and hydro- 
dynamical simulation s (e.g., Toomre & Toomre 1972; Barnes 
ll988l;lMihosetal.ll9 93; Hibbard 2003). An accurate distance 
to this prototypical merger is of obvious importance in assess- 
ing its structure and dynamics, as well as for determining the 
physical properties of its myriad of stars, star clusters, pecu- 
liar objects such as ULXs (ultraluminous X-ray sources), and 
gas clouds. 

TraditionaUy, the distance to NGC 4038/39 has most of- 
ten been derived from the systemic recession velocity and 
an adopted Hubble constant Hq, with or without corrections 
for deviations of the Hubble flow from linearity due to var- 
ious attractors. A frequently used modern value for the dis- 
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tance is 19.2 Mpc (IWhitmore et al.l 1 19991) . This value is 
based on a systemic recessio n velocity relative to the Local 
Group of cz,„ = 1439 km s"'(|Whitmor e & Schweizedll995l: 
Ide Vaucouleurs et al.ll991h . a linear Hubble flow, and Ho = 75 
km s"' Mpc"'. Updated t o the HST Key Proje ct's derived 
i/o = 72 ± 8 km s"' Mpc"' (iFreedman et al.ll2001h . this often- 
used distance to The Antennae becomes 20.0;I;2 o Mpc. 

A significantly shorter dista nce of 13. 3 ib 1.0 Mpc has re- 
cently been determined by Saviane et al.l (l2008l) via photom- 
etry of the TRGB in a region near the tip of the southern 
tidal tail. This photometry — ^performed on new, deep im- 
ages obtained with HST's Advanced Camera for Surveys 
(ACS) — seems to support the short distance derived earlier 
from H STfWFPCl linages o f the same region by the same 
method dSaviane et al.ll2004l) . If the short distance is correct. 
The Antennae "diminish" in physical size, mass, and luminos- 
ity, as do their stars, clusters, and gas clouds. However, their 
recession velocity then deviates from the best large-scale-flow 
model ( Tonry etal. 2000 , hereafter TBADOO) by about 500 
km s"' or 2.7 a (ISaviane et al. 2008). 

Clearly, new measurements of the distance to The Antennae 
by independent methods are highly desirable. In the present 
paper we derive a new distance from observations of the Type 
la SN 2007 sr, which appeared in the midsection of the south- 
ern tail in 2007 December Section |2] presents our observa- 
tions, data analysis, and new distance. Section [3] discusses 
problems with the short distance and po ints out a like l y erro r 
in the identification of the true TRGB by Saviane et all (l2008l) . 
Finally, § |4]presents our conclusions and recommendation. 

2. A NEW DISTANCE FROM SN 2007sr 

Supernova 2007sr was discovered b y the Catalina Sk y 
Survey on 2007 December 18.53 UT jDrake etal.1 l2007h . 
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Fig. 1 . — Supernova 2007sr in the southern tidal tail of NGC 4038. Left: Image of The Antennae reproduced from the Digital Sky Survey; the box marks the 
field of view corresponding to the right panel. Right: Image of SN 2007sr in the V passband, produced by stacking 29 exposures of 50 s duration each obtained 
over many nights with the CCD camera of the Swope I.O m telescope at Las Campanas Observatory. 



about 4.2 days after B maximum (lUmbriaco e t al.' '2007'; 
^ojmanski et al. 2008). Since it was of Type la (Naito et al. 
12007; Umb riaco et al . 2007), it was followed by the Carnegie 
Supernova Project (CSP) as part of their low-z campaign 
dHamuv et al. 2006), with observations beginning on 2007 
December 20.33 UT. Figure [T] shows the SN on a stacked V 
image obtained with the Swope 1 m telescope at Las Cam- 
panas Observatory. 

The CSP measured light curves for the SN using the filter 
set u'g'r'i'BVJH from 6 days until approximately 130 days 
after B maximum. Appendix |A] gives some details about the 
photometric system and calibration, while its Table [T] lists all 
measured magnitudes and their uncertainties. 

It is now well known that supernovae of Type la 
(SN la) can serve as excellent standard candles and have 
been u sed to both discover the presence dRiess etal.1 119981: 
iPerlmu tter et al. 1999 | and constrain the nature of dark energy 
jKnoD et al. 2003; Astier et al.ll2006t IClocchiatti et al.ll2006[ 
IWoo d-Vasey et al. 2007). Once corrected for extinction and 
the well-known correlation bet ween intrinsic luminosity and 
decUne rate of the hg ht curve (iPhilUpsI 119931: iHamuy et al.l 
ll996l:lRiess et al.ll996l) . SNe la have an intrinsic dispersion of 
approximately ±0.15 mag. We can therefore use SN 2007 sr 
to constrain the distance to NGC 4038/39 to this level. 

Because SN 2007 sr was caught after maximum, it is neces- 
sary to use SN la light-curve templates to estimate the peak 
magnitude in each passband as well as the decline-rate pa- 
rameter Amis, defined as the change in B magnitude between 
maximum and 15 days later in the rest frame of the SN. This 
parameter will allow us to correct for the intrinsic luminosity 
of the SN and also to predict its intrinsic colors, from which 
we can derive the host galaxy extinction. More formally, we 
model the light curve in each passband X with the following 
formula: 

mx= rx(f-Wx,Ami5)+M^ + /7x(Ami5-l.l)+ 

Rf'^EiB - V)MW+Rx''EiB - VXos^ + Kx + Mo , (1) 



where Tx is the light-curve template for passband X, fmax is 
the time of maximum for the B light curve, M^ is the absolute 
magnitude in passband X of a SN la with Amis = 1-1 mag, 
bx is the slope of the luminosity-Ami5 relationship, Kx is the 
A'-correction in passband X, and fiQ is the true distance mod- 
ulus. The extinctions from the Milky Way and host galaxy 
are Rf'^E(B-V)MW and R'^°''E(B -V\osi, respectively. The 
color exces s due to the M i lky Way foreground extinction is 
taken from ISchlegel et al.| ([1998), which for the position of 
SN 2007 sr corresponds to E(B-V)mw = 0.046 ± 0.005 mag. 
The values of the parameters M^ and bx are determined 
from the set of SNe la observed by the CSP in the first-year 
campaign by assuming a fixed cosmological model (//q = 72 
kms"' Mpc-i, fi,n = 0.28, and f^A =0.72; Spergel et al. 2007), 
computing distance moduli from the observed redshifts of the 
host galaxies, correcting for Milky-Way and host-galaxy ex- 
tinction, and fitting the resulting absolute peak magnitudes in 
each passband to the formula 



Mx=M^ + fo, 



(Ami5-l.l). 



(2) 



The details of this procedure are given in Folatelli et al. (2008, 
in preparation). 

In performing this calibration, it has become apparent 
that — for whatever reason — a standard reddening law with 
the typical Milky Way value of R^"^ = 3.1 does not provide 
a good fit to this sample of SNe la. Instead, we obtain a 
value R^"'' = 1.6 ± 0.1 (Folatelli et al. 2008, in preparation). 
Other groups have also found s urprisingly low values of Ry°^^ 
(lAstier et al.ll2006l:IWang et al.|[2006 ). This may be due to the 
SNe la being embedded in an environment that differs signif- 
icantly from a typical ISM, or perhaps there is another, intrin- 
sic color-magnitude effect at play that has been inadvertently 
combined with E{B-V). Whatever the reason, we are inter- 
ested in a distance determination and therefore appeal to the 
empirical result 7?y°*' = 1.6. However, we note that chang- 
ing Ry°'^^ in equation ([T]l does not only affect the extinction 
term, but also changes the values of M^ because the calibrat- 
ing sample has a non-zero average extinction. Indeed, only a 
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Fig. 2. — Lightcurves in u'Bg'Vr'i'JH for SN 2007sr. For clarity, mag- 
nitudes in tlie different passbands have been offset by amounts indicated in 
the legend. Lines represent the best-fit templates. Error bars are all smaller 
than the data points. Epoch con'esponds to peak brightness in the B band 
on 2007 December 14.3 UT. 



SN with an extinction equal to the average extinction of the 
calibrating sample would be insensitive to changes in r!^^^. 
In the case of SN 2007 sr, the extinction is slightly larger than 
for the calibrating sample, whence an increase in R^^^ would 
slightly decrease the distance modulus. Specifically, changing 
^host fj-Qjjj 1.6 to 3.1 would change the estimated true distance 
modulus of this SN by -0.06 mag. 

The light-curve templa tes 7y are constru cted in a manner 
similar to that used by Prieto et al.l (l2006l) and further de- 
scribed in Burns et al. (2008, in preparation). Essentially, 
the highest-quality optical light curves from the CSP, which 
have clearly observed maxima, are fit with a cubic spline, 
from which Amis, fmax, and the peak magnitude are extracted. 
These light curves then define a sparsely sampled 2D surface 
in Ami5-t-mx space. A template of any given Ami5 can then 
be generated by 2D interpolation of this surface. At present, 
there are an insufficient number of near-infrared (NIR) light 
curves with which to construct templates in this way. Fortu- 
nately, the decline-rate parameter for SN 2007 sr ( Awig = 0.97 
mag) is nearly identical to that of SN 2006X (Amis = 0.98 
mag), for which the CSP has obtained high-quality NIR pho- 
tometry well before and after B maximum. We therefore use 
spline fits of the J and H light curves of SN 2006X as tem- 
plates for fitting the J and H data of SN 2007 sr. 

The u'Bg'Vr'i'JH light curves of SN 2007sr are shown 
in Fig. |2] along with the best-fit models for the optical data 
given by equation ([U. The extracted light-curve parame- 
ters of interest are the true distance modulus of SN 2007sr, 
/io = 3 1 .74 ± .07 mag, the color excess due to the host galaxy. 



£'(B-y)host = 0.13 ±0.01 mag, and the decUne-rate parameter 
Ami5 = 0.97 ±0.02 mag. The value of this parameter is atyp- 
ical value for SNe la, and the color excess is reasonably low 
as one would expect for a source far from the host center. The 
uncertainties are derived from the covariance matrix of the fit 
to the light curves, scaled so that %?• = 1 ■ To be conservative, 
we add to the uncertainty in /io the following systematic er- 
rors: (1) (Tmx = 0.15 mag for the intrinsic dispersion in SN la 
luminosities, (2) uncertainties in the calibration parameters of 
SRv =0.1, (5M^ = 0.04 mag, and Sbx = 0.1, and (3) an uncer- 
tainty in the Hubble constant of SHq = 8 km s~' Mpc~' . With 
this error budget, we arrive at a final distance estimate to SN 
2007srofDsNia = 22.3±2.8Mpc(/isNia = 31.74±0.27mag) 
using the optical data. 

As a check on this distance we also fitted the /- and H- 
band data with templates generated from SN 2006X in or- 
der to estimate the peak magnitudes: mj = 13.31 ±0.06 
and ifiH = 13.47 ± 0.0 2. We then used the calibration by 
iKrisciunas etsU (|2004. M, = -18.57 ±0.14 mag and Mh = 
-18.24 ±0.18 mag, to compute an average distance modu- 
lus of /io = 3 1 .80 ± 0. 1 1 mag. This modulus, based on NIR 
data and an independent calibration, is nearly insensitive to 
assumptions about the reddening law of the dust in the host 
galaxy and agrees with the formal modulus of 31.74 ±0.07 
mag from the optical data to within the combined errors, thus 
supporting the derived distance of DsNia = 22.3 ± 2.8 Mpc. 



3. PROBLEMS WITH THE SHORT DISTANCE 

As we demonstrate below, the new SN la distance to 
NGC 4038/39 agrees well with the distance inferred from the 
system's recession velocity and the large-scale flow model by 
T BADOO. Ifflie short distance of 13.3 ± 1.0 Mpc measured 
by lSaviane et al.l (12008.) were to be correct, it would create at 
least three serious problems: (I) NGC 4038/39 would have 
an exceptionally large peculiar recession velocity of about 
+522 km s"'; (2) SN 2007 sr would have had a peak lumi- 
nosity differing by '-^ 1 . 1 mag, or about 7 <tmx , from the mean 
peak luminosity of SNe la; and (3) The Antennae would lose 
their membership in Tully's (1988) Group 22-1 of 13 galax- 
ies. We now discuss these three problems in turn and then 
point out a likely error in the derivation of the short distance 
bv lSavianeetal.1 (120081) . 

3.1. Peculiar Recession Velocity 

A careful assessment of the many radial velocities mea- 
sured for NGC 4038/39 and compiled in the NASA/IPAC Ex- 
tragalactic Database (NED) yields a systemic heliocentric ve- 
locity of czsys.hei = 1640 ±10 km s~'. Figure |3] compares this 
systemic velocity with recession velocities predicted by the 
large-scale flow model, which is based on surface-brightness 
fluctuation distances to 300 early-type galaxies (TBADOO). 
The Antennae are plotted at both the short distance and the 
new SN la distance, while the solid curve represents the pre- 
dicted large-scale flow velocity in their direction. The undu- 
lation in the model curve reflects the gravitational influences 
of the Virgo Cluster, whose center lies 32.2° away from The 
Antennae, and of the Great Attractor. As the figure illus- 
trates, with the new SN la distance The Antennae fall within 
+15(±188) km s"' or +0.1 Uth of the predicted flow velocity, 
where fith =187 km s~' is the best-fit "thermal" (or random) 
radial-velocity dispersion of the model. If instead we choose 
the short distance, the peculiar velocity becomes +522 (±50) 
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Fig. 3. — Compaiison of distances measured for NGC 4038/39 {data 
points) with the large-scale flow model by TBADOO {solid line). Heliocentric 
recession velocities czhei are plotted versus distance D. Plotted at the new 
distance based on Type la SN 2007sr {filled dot), the recession velocity of 
NGC 4038/39 falls well within 1 o-,h {dotted lines) of the large-scale flow, 
where crth is the cosmic random radial velocity. In con trast, when plotted 
at the short distance based on the TRGB {square. [Savi ane et al. 2008), the 
recession velocit y of NGC 4038/39 lies 522 km f, or 2.8 a above the flow. 
For details, see § 13.11 

km s"' or -1-2.8 Uth, clearly an exceptionally high value. We 
conclude that the newly measured SN la distance is in sig- 
nificantly better agreement with the best available large-scale 
flow model than the short distance is. 

3.2. Peak Luminosity of SN 2007 sr 

Our determination of a distance of 22.3 ±2.8 Mpc to SN 
2007 sr has been based on the assumption that this SN reached 
the mean absolute magnitude M^ typical for its decline rate. 
The quoted distance error includes a term reflecting the intrin- 
sic dispersion of the corrected peak absolute magnitudes Mx 
of SNe la around the mean value M^, which is cr^x ~ 0.15 
mag for CSP observations of similar quality (§|2]i. 

// the short distance of 13.3 Mpc were to be correct, SN 
2007sr would have reached a peak absolute magnitude that 
differedbyA(m-M)o = 51og(22.3/13.3)= 1.12 mag, or about 
7 aMx 7 from the mean value for SNe la. This seems quite un- 
likely, given the spectral norm ality of SN 2007 sr (iNaito et al.l 
120071: lUmbriaco et al.1 l2007h . To illustrate this normahty. 
Fig. |4] shows an optical spectrum obtained by the CSP on 
2007 December 27.33 UT with the Baade 6.5 m telescope and 
IMACS spectrograph, corresponding to an epoch of 13 days 
after B maximum. For comparison, w e include the SN la 
template spectrum by iHsiao et al.l (12007.) at -1-13 days. Al- 
though there are small differences between the two spectra, 
the overall resemblance is extremely close, demonstrating that 
SN 2007 sr was both photometrically and spectroscopically a 
completely normal SN la. Hence, its extraordinarily low peak 
luminosity (by 7 aux 0^ were it to lie at 13.3 Mpc from us, is 
a second good reason for distrusting the short distance. 
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Fig. 4. — Spectrum of SN 2007sr obtained with the Baade 6.5 m tele- 
scope and IMACS spectrograph on 2007 December 27.33 UT, 13 days after 
B maximum. Identifications of the major absorption features are taken from 
[Branch et all t2b08i) . The spectrum has been corrected for reddening pro- 
duced in both the Milky Way and The Antennae, and has been shifted to a 
rest wavelength scale. The flux scale is plotted in AB magnitudes as defined 
by Oke & Gunn 1 1983). For comparison, the SN la template spectrum by 
.Hsiao et al, 12007.) for an epoch of +13 days is also shown. 



3.3. Group Membership 

Based on their p osition in the sky and recession ve- 
locity, TuUy l (Il988l) assigned The Antennae to Group 22- 
1 in the Crater Cloud. This group contains 13 galax- 
ies, of which four — besides The Antennae — have measured 
distances. None of t hese distances is less than 20 Mpc 
('Mad ore & SteeJIIOOTh . 

Two early-type galaxies of the group have had their dis- 
tances measured via both the surface-bright ness fluctuation 
method and the Fundam ental-Plane method dBlakeslee et alj 
l200lHTonry et al.ll2001h . The average distance for NGC 4024 
(SO) is a rather uncertain 28.2 ±4.3 Mpc, while that for 
NGC 4033 (E6) is a more concordant 21.7 ± 1.8 Mpc. Both 
galaxies lie within ^-^1.0° from The Antennae. Were The 
Antennae to lie at the short distance of 13.3 Mpc, it would 
be difficult to understand why two nearby postulated group 
members with very similar recession velocities (-1-52 and -24 
km s"' relative to The Antennae, respectively) should lie at 
much larger distances. Again, the evidence favors both the 
large-scale flow distance of Dflow = 22.5 ± 2.8 Mpc (see § |4|l 
and our new SN la distance of DsNia = 22.3 ± 2.8 Mpc to The 
Antennae. 

3.4. A Likely Misidentification of the TRGB 

Why is th e TRGB distance of 13.3 ± 1.0 Mpc determined 
by ISavianee t al. (2008) so discrepant? The answer seems to 
lie in a misidentification of what constitutes the true TRGB of 
the mixed-age stellar populatio ns near the tip of the southern 
tidal tail. The area imaged b v ISaviane et al.l with HST/ ACS 
contains several H II regions ( SchweizenI 19781: iMirabel et al.l 
1 19921) and a very blue, dwarf-like feature dubbed the "S78 
Region" and now recognized to b e the bent H I-rich tip of the 
southern tail (i Hibbard et"ani200 Ih . 

In their Figure 3, ISaviane et al.l (l2008h display two lumi- 
nosity functions (LF) for the RGB, one derived for the S78 
Region and the other for a "NE Region" that is free of H I 
and also, supposedly, of relatively young stars. The LF of the 
S78 Region shows a relatively sharp rise at F814Wo = 26.57 
mag (where F8 14W is an instrumental magnitude close to the 
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Fig. 5. — (Left panel) Trgb vs (V — /)o color-magnitude diagram for the southern tidal-tail tip region of The Antennae; the Trgb magnitude is corrected for 
Milky-Way foreground extinction and metallicity variations. (Right panel) Normahzed Sobel filter response for all stars with 1.6 < (V — /)o < 2.6, plotted vs 
Trgb ■ The response of highest relative significance is marked at Tr gb = 27.46 mag, wit h a reported signifi canc e of 5.4 sigma. We identify this edge as the likely 
true TRGB, which lies about 0.9 mag below the TRGB claimed bv lSaviane et al.l J20O8I) . For details, see § 13.41 



Kron-Cousin / magnitude), which ISaviane et al.l identify as 
the TRGB but which — given the H I and blue stellar content 
of the S78 Region — seems equally likely to be caused by rel- 
atively young AGB stars. In contrast, the LF of the gas-free 
NE Region shows only a minor sharp rise there, but features 
a more significant "discontinuity at F814Wo ~ 27.5 mag" 
(ISaviane etal .1120081) that falls within < 0.2 mag of the TR GB 
expected for a distance of 22 Mpc. While ISaviane et al.l dis- 
miss this discontinuity as possibly "due to the RGB of a 
younger, ^ 200 Myr population," we suggest that its stars — 
being fainter than the claimed TRGB — actually mark the true 
location of the TRGB. 

To check on this suggestion, we downloaded the ACS/WFC 
(Wide Field Camera) frames obtained under proposal GO- 
10580 (RL: Ivo Saviane) from the HST Archive, reprocessed 
them, and extracted a calibrated color-magnitude diagram 
(CMD) for the entire tidal-tail tip region. Our search and pho- 
tometry al gorithms, which use DOLPHOT (for technical de- 
tails, see Mager et all2008 ), detected about 30,000 stellar ob- 
jects brighter than / « 28.0 mag. Fi gure [5] (left panel) shows 
the CMD in a new form proposed by lMadoreet al.l (1200 8). in 
which the traditional / (or extinction-corrected /o) magnitude 
is replaced by the magnitude Trgb for the Red Giant Branch 
(RGB). This magnitude is a color-corrected /-band magnitude 
specifically designed to be insensitive to varying metallicity 



and is defined by 



7kGB=/o-/3[(V-/)o-7], 



(3) 



where the color slope (3 = 0.20 ± 0.05 is chosen to track the 
known, metallicity-induced run of the /q magnitude of the 
TRGB as a function of (y-/)o, and 7= 1 -50 mag is the fidu- 
cial color of reference ("Mador e et alj|200 8). By construction, 
in any 7rgb-(V-^)o diagram of an old stellar population with 
a range of metallicities, the TRGB lies at some constant value 

of Trgb. 

To locate the TRGB objectively, we selected all stars in 
the color range 1 .6 < (V-/)o < 2.6 and used a Sobel edge- 
detection kernel dLee et all 1 19931) to filter their numbers (in 
0.03 mag bins) as a function of Trgb- The resulting filter out- 
put, expressed as a ratio between the filter response and lo- 
cal Poisson noise, is shown in the right panel of Fig. |5] In 
this panel, a peak at a normalized filter response of 2.0 indi- 
cates an edge detection at a 2 cr-level of significance. Fig- 
ure |5] shows a very clear, 5.4 cr detection of the TRGB at 
Trgb = 27.46 ±0.12 mag (marked "TRGB"), or about 0.9 mag 
fainter than the TRG B position of 7™*^^ = 26.65 claimed by 
ISaviane et all (|2008|) . The latter position (at Trgb ~ 26.55) 
corresponds approximately to the broad ^ 3.5 a "hump" seen 
centered on Trgb ~ 26.5 mag i n the norm alized filter re- 
sponse of Fig. |5] We conclude that lSaviane et al.. (2008) prob- 
ably misidentified youngish AGB stars for the true TRGB, in 
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the process overestimating its brightness by about -0.9 mag. 
This, then, is the Ukely source of their discrepant 13.3 ± 1.0 
Mpc distance. 

Our newly determined Trgb = 27.46 ±0.12 mag yields a 
true distance modulus to The Antennae of approximately 
^TRGB = T^GB-Mj^'^^ = 31.51 ±0.17 mag, where M,™™ = 
-4.05 ±0.12 mag is the absolu te / magnitude for the TRGB of 
w Cen (jBellazzini et al.ll2004l) and holds at the fiducial color 
of reference (Mador e et al.l l20()8h . This distance modulus, 
which is corrected for Milky Way foreground extinction via 
Trgb [equation (O], but not for (varying) extinction within 
the tidal-tail tip region, corresponds to a linear distance of 
DjRGB = 20.0 ±1.6 Mpc. We postpone a more elaborate de- 
termination of /iTRGB, including a careful assessment of local 
extinction and any possible small biases due to the presence of 
young stellar populations, to a future paper dedicated to that 
subject. However, note that Djrgb = 20.0 ±1.6 Mpc agrees 
with both DsNia = 22.3 ±2.8 Mpc (§^ and Dflo„ = 22.5 ±2.8 
Mpc (§ m to within the combined errors, while it strongly 
dis agrees with the shor t distance of 13.3 ± 1.0 Mpc derived 
bv lSaviane et al.l ( l2008h . Thus, Dtrgb also supports the new 
SN la distance. 

4. CONCLUSIONS 

We have presented u'Bg'Vr'i'JH Hght curves of SN 2007 sr 
beginning 6 days after B maximum and obtained during four 
months by the Carnegie Supernova Project. Analysis of these 
light curves in conjunction with SNe la data from the first- 
year campaign by the Project yields a formal true distance 
modulus of /!() = 31.74 ±0.07 mag. With all known system- 
atic errors and uncertainties included, this distance modulus 
becomes /isNia = 3 1.74 ±0.27 mag, corresponding to a dis- 
tance of DsNia = 22.3 ± 2.8 Mpc to NGC 4038/39. (Differen- 
tial depth effects between SN 2007 sr and the center of mass 
of the galaxies are negligible). 

This new SN la distance agrees well with the distance 
Df[ow = 22.5 ±2.8 Mpc estimated from the systemic reces- 
sion velocity of The Antennae and the large-scale flow model 
by TBADOO, where the quoted error reflects the cosmic ran- 
dom radial velocity {a± = 187 km s"') of the model. On the 

APPENDIX 
PHOTOMETRY OF SN 2007SR 

The magnitudes for SN 2007 sr presented in this paper are on the CSP natural system. Details of the data reduction, calibration, 
and filter functions and color terms defining this natural system can be found in Hamuy et al. (2006) and Contreras et al. (2008, 
in preparation), as well as on the CSP website: http : //cspl . Ic o . cl/~cspuserl[ In this Appendix, we briefly outline 
the natural system and present a table of the phot ometry for SN 2007 sr. 

The u'g'r'i' magnitudes are calibrated via the ISmith et al.l (l2002h standard stars. A col or sequence of thes e stars is used to 
establish color terms that transform our instrumental magnitudes to the standard system of ' Smith et al.l (l2002h . However, since 
SNe la have spectra that are very different from those of normal stars and evolve with age, these color terms cannot be used 
to transform the SN magnitudes to the standard system. Instead, we use the color terms in reverse to transform the standard 
magnitudes to our natural system, and then calibrate our SN observations using these natural magnitudes. It is in this system that 
we present the photometry of SN 2007 sr and perform our entire analysis. 

The EV magnitudes are trea ted in a similar way, though using the system of ' Landoll (1 1 992h standard stars. The JH magnitudes 
are calibrated using the Perss on et al.l ([1998) standards, for which the instrument and filters used were nearly identical to those 
employed by the CSP and, therefore, were equivalent to our natural system. 

Table [Upresents the photometry for SN 2007 sr in the CSP natural system. The listed uncertainties include the usual photon 
statistics as well as errors in the zero points. 



other hand, DsNia disagrees strong ly with the sho rt distance of 
D = 13.3 ± 1.0 Mpc estimated by ISaviane et alJ (12008) from 
the TRGB. We have discussed three serious problems with 
such a short distance, and have pointed out the likely misiden- 
tification of the TRGB by these authors as the cause of the 
short distance. 

Reprocessing their //ST/ ACS frames and using an improved 
method of TRGB detection, we have located what we be- 
lieve to be the true TRGB at /q « Trgb = 27.46 ± 0.12 mag, 
ful ly 0. 9 mag below (i.e., fainter than) the TRGB claimed 
by ISaviane et al. Analyzing photometry of this new, fainter 
TRGB we have derived a preliminary distance of Dtrgb = 
20.0±1.6Mpc. 

Clearly, additional distance estimates to The Antennae 
(e.g., from Cepheids, planetary nebulae, etc.) will be very 
valuable. However, for the moment we see no reason for 
adopting any distance shorter than 20 Mpc. Given the con- 
cordant new DsNia = 22.3 ±2.8 Mpc and recession-velocity 
based Dflow = 22.5 ± 2.8 Mpc, both supported by our new, 
preliminary Dtrgb = 20.0 ± 1.6 Mpc, we recommend using 
a conservative, rounded value of D = 22 ± 3 Mpc as the best 
currently available distance to The Antennae. 
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P06-045-F funded by "Programa Bicentenario de Ciencia y 
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TABLE 1 
CSP Photometry for SN 2007sr 



JD - 2,453,000 



H 



1454.84 
1455.76 
1456.76 
1457.80 
1458.84 
1461.82 
1462.80 
1463.84 
1464.84 
1465.87 
1467.77 
1468.77 
1469.80 
1470.79 
1471.87 
1476.78 
1477.84 
1484.78 
1485.82 
1488.73 
1490.79 
1491.88 
1494.85 
1497.78 
1498.82 
1499.77 
1503.82 
1508.86 
1511.79 
1512.79 
1515.76 
1517.76 
1523.79 
1527.77 
1532.70 
1538.75 
1540.68 
1542.66 
1549.71 
1558.65 
1566.76 
1571.66 
1578.70 



14.133(0.013) 
14.241(0.014) 
14.345(0.009) 
14.429(0.012) 

14.936(0.010) 

15.180(0.012) 

15.662(0.018) 
15.819(0.016) 
15.898(0.017) 

16.478(0.013) 

16.924(0.029) 

17.086(0.048) 
17.150(0.013) 

17.260(0.015) 
17.251(0.035) 



12.999(0.004) 
13.051(0.004) 
13.101(0.004) 
13.168(0.008) 

13.484(0.005) 

13.665(0.007) 

13.910(0.006) 
13.986(0.006) 
14.083(0.005) 
14.161(0.006) 

14.696(0.006) 

15.252(0.008) 

15.407(0.008) 
15.466(0.005) 

15.553(0.007) 
15.603(0.006) 



12.924(0.005) 
12.983(0.006) 
13.047(0.005) 
13.136(0.009) 

13.406(0.005) 

13.498(0.007) 

13.540(0.004) 
13.556(0.006) 
13.544(0.004) 
13.552(0.006) 

13.690(0.004) 

14.206(0.007) 

14.429(0.006) 
14.517(0.004) 

14.657(0.006) 
14.762(0.006) 



13.664(0.006) 
13.733(0.007) 
13.826(0.005) 
13.942(0.010) 

14.190(0.006) 

14.216(0.009) 

14.130(0.004) 
14.107(0.007) 
14.049(0.006) 
14.021(0.006) 

13.906(0.006) 

14.331(0.009) 

14.583(0.007) 
14.699(0.004) 

14.873(0.008) 
15.004(0.007) 



13.165(0.005) 
13.251(0.007) 
13.310(0.006) 
13.390(0.007) 

13.810(0.006) 

14.040(0.008) 

14.367(0.007) 
14.470(0.006) 
14.571(0.006) 
14.671(0.007) 



12.856(0.005) 
12.904(0.006) 
12.947(0.005) 
13.000(0.008) 

13.265(0.006) 

13.389(0.005) 

13.537(0.006) 
13.591(0.006) 
13.640(0.006) 
13.686(0.006) 



15.206(0.006) 14.011(0.006) 
15.728(0.010) 14.574(0.010) 



15.863(0.011) 
15.917(0.008) 

15.983(0.009) 
16.027(0.009) 



14.734(0.006) 
14.814(0.005) 

14.941(0.007) 
15.025(0.006) 



15.630(0.005) 14.830(0.005) 15.074(0.006) 16.057(0.007) 15.076(0.005) 
15.768(0.006) 15.123(0.007) 15.444(0.008) 16.164(0.010) 15.312(0.006) 



15.834(0.006) 
15.870(0.007) 
15.896(0.006) 
15.996(0.006) 
16.047(0.006) 

16.214(0.005) 
16.218(0.006) 
16.276(0.007) 
16.396(0.009) 
16.531(0.006) 
16.663(0.007) 
16.747(0.007) 
16.870(0.010) 



15.261(0.007) 
15.360(0.005) 
15.417(0.006) 
15.620(0.005) 
15.737(0.008) 

16.089(0.004) 
16.131(0.008) 
16.217(0.008) 
16.447(0.011) 
16.723(0.008) 
16.964(0.008) 
17.096(0.009) 
17.291(0.008) 



15.585(0.008) 
15.700(0.007) 
15.759(0.007) 
15.973(0.007) 
16.115(0.010) 

16.470(0.005) 
16.521(0.009) 
16.612(0.010) 
16.819(0.014) 
17.098(0.011) 
17.305(0.011) 
17.422(0.013) 
17.600(0.009) 



16.207(0.009) 
16.237(0.009) 
16.260(0.010) 
16.349(0.008) 
16.396(0.009) 

16.571(0.006) 
16.607(0.010) 
16.633(0.010) 
16.725(0.019) 
16.885(0.012) 
17.017(0.012) 
17.099(0.012) 
17.208(0.009) 



15.407(0.007) 
15.490(0.007) 
15.530(0.007) 
15.686(0.006) 
15.784(0.008) 
15.915(0.020) 
16.051(0.004) 
16.140(0.012) 
16.138(0.008) 
16.298(0.011) 
16.483(0.007) 
16.648(0.009) 
16.750(0.009) 
16.935(0.059) 



13.776(0.019) 13.723(0.005) 

14.912(0.017) 13.878(0.004) 

14.971(0.006) 13.837(0.004) 

14.959(0.007) 13.767(0.007) 

14.708(0.007) 13.534(0.007) 

14.313(0.006) 13.469(0.005) 

14.630(0.009) 13.880(0.008) 

15.186(0.009) 14.205(0.007) 

15.674(0.011) 14.527(0.008) 

16.021(0.013) 14.764(0.008) 

16.527(0.016) 15.083(0.012) 
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